June 17, 1952 

R. WYLIE 
DISTILLATION OF LIGHT HYDROCARBONS 

2,601,077 

Filed June 16, 1949 

FEED 

FIG. 

25 
« ...14 GONDENSER - GO NDENSATE 
EXlT GAS ..... ] 
I 21 22 
,J 
12 lll 141 24  I PROPANE 
I I 
I I REFLUX OR / I 25 I  FRAGTIONATOR 
 I 13 , AOGUMULATOR 
1, FEED AGGUMULATOR 
 G4 AND 
HEAWER 

FEED 

32 

31'-" 

GONDEN SER 
EXIT $ , -I,  
Y'r " , REFLUX I l 
GONDENSER" 1-36 r--J OR PRODUGT I / 
 AG CUMULATOR II / 
MULATOR 2 
FEED A GGUMULATOR 

25 
-.-)I---,-GONDENSATE 

27 

18 

19 
PROPANE 

ATOR 

FIG. 

2O 

AND 
HEAVlER 

INVENTOR. 



Patented June 17, 1952 2,601,077 

'UNITED STATES PATENT OFFICE 

2,601,077 
DISTILLAT,ON OF LIGHT HYDROCABONS 
Roger Wylie, Baytown, Tex., assignor, by mesne 
assignments, fo Standard Off Development 
Company, Elizabeth, N. J., a corporation of 
Delaware 
Application June 16,1949, Sria! No.99,388 
14 Claires. (CI. 62--175.5) 

1 
OEhe present invention is directed fo a method 
for distilling normally gaseous hydrocarbons. 
Moe particularly, the invention is directed fo a 
distillation method for obtaining incr.eased yields 
of desirable normaly gseous hydrocarbons. 
Prior fo the present invention if has been 
common to distill a normally gaseous hydro- 
carbon fraction containing propane and pro- 
pylene for use as a liquefied petroleum gs or 
as feed at.ock to an alkylation, polymerization or 
other Com(ersion process. In distilling mixtures 
containing propane and propylene if is custom- 
ary fo subject the mixture fo distillation condi- 
tions in a suitable distfllation zone under 
perature and .pressure conditions such that .an 
overhead fraction is obtained containing some 
propane and lighter hydrocarbons and a side 
stream fraction is withdrawn consising e_sen- 
tially .of the desirable propane .and .prolylene. 
.Heavier hydrocarbons are withdrawn as .abo.ttom 
fraction. In operating thls process _a consder- 
able amount o_f desirable lropane .and prop, ylene 
ls discarded in the overhe.ad gas. If is possîble 
to recover some of this propane and 1oropy]ene 
by absorption in conventional absorption tov<ers; 
however, such absorPtion towers are inefficint 
when a mixture such as an overhead mixture 
containing propane and lighter hydrocarbons is 
being absorbed and only a small amount of the 
:popane .and propylene is rkecov.e.red. 
It is, therefore, the main object of the present 
invention fo provide .an improwed distfllation 
operation .in which subsianiially larger kquanti- 
ries of propane and prpylene are recover_ed than 
was possible heretofore. 
Another object of-the present invention is to 
pròvide-an improved distillation method for re- 
covering ormally gaseous hydrocarbons by 
distilling-mixtures containing saine. 
A still further object of the present invention 
is fo provide a distillation operation in which a 
mixture containing ai least 3 hydrocarbons; a 
low boiling .hydrocarbon, an intermediate boil: 
ing hydrocarbon and a higher boiling hydro- 
carbon .are distilled under conditions to recover 
substantially larger quantifies of the intermediate 
b.oiling hydrocarbon than was possible hereto- 
fore. 
The objects of the present invention may be 
achieved by admixing a mixture of nmïally 
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gaseous hydrocarbons containing heavier h:dro- 
carbons with a gaseous stream distilled from the 
mixture and then charging the resulting mixture 
fo .a distil!at/on zone wherein the hydrocarbons 
5 charg.ed in the distillation zone .are se/arated 
into ai le,st 3 fractions, an overhead fraction 
from which the gaseous stream is recovered, n 
intermediate fraction comprising the desirahle 
hydrocarbon which is reci:¢ered and a bottom 
10 fraction containing heavier hydr_ocarbons. 
The invention .may be .described briefly as 
involving the formation of a feed mixture 
c.ontaining, for example, hydrocarbons having 5 
15 and less carbon atoms in the rnolecule and in- 
cluding those having 3 .and less carbon .atoms in 
the rnolecute. This ïeed mixture is admixed 
with a .gaseo.us stream obtained by distiltation 
of the feed mixture and allo¢ed to separate into 
20 a gaseous phase and a liquid phase, the gaseous 
phase being discarded and the liq.uid phase being 
charged into .the .distillation zone where 
conditions are adjusted ,fo produce an ovehead 
fraction, .an intermedite boitlng fraction and 
2 a higher boiling fraction. The overhead fraction 
is cooled and condensed and allowed fo separae 
inte a gaseous stream which is the stream ad- 
mixed with the feed and a liquid stream vhich 
may be withdrawn as a condensate or preferably 
is returned ai least-wholly or in part fo provide 
30 reflux in the distillation zone. 
The present invention has application fo re- 
covery of ethane and/or ethylene, propane and/or 
propylene, or butanes and/or butylenes from low 
boiling hydrocarbon mixtures containing them. 
35 Such fractions may be obtined from crude 
petroleum or from conversion operations such 
as thermal and catalytic cracking operations, 
polymerization processes, alkylation and isomeri- 
40 zation operations, as well as many others too 
numerous to mention. When the feed mix- 
ture is obtained from petroleum it will be under- 
stood that propylene and butylenes or ethylene 
will be substantially absent since the olefinic hy- 
45 drocarbons have normally hot been encountered 
in substantial amounts in natural petroleuïns. 
The invention will be described in more detail 
by reference to the drawing in which 
Fig. 1 is a fiow diagram of a preferred mode of 
50 my invention; and 
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3 
Fig. 2 is a flov diagram of a modifled mode 
of practicing the invention. 
In the drawing identical numerals wi11 be 
employed to identify identical parts. 
leferring now to the drawing and specifically 
to Fig. 1, numeral I! designates a feed line 
by way of which a low boiling hydrocarbon mix- 
ture such as one containing ethane and lighter, 
propane and propylenes, butane and butylenes, 
as well as a small amount of hydrocarbons hav- 
ing 5 and more carbon atoms in the molecule 
is fed into the system from a source hot shown. 
The feed mixture in line I! bas admixed with 
it a gaseous hydrocarbon stream introduced by 
line 2 and obtained as will be described fur- 
ther. The gaseous mixture in admixture with 
the liquid stream introduced by line ! flows 
into an accumulator drum 3 which is of suf- 
flcient size to allow a residence rime for sep- 
aration of the gaseous material therefrom and 
to obtain a liquid phase. The gases are with- 
drawn from accumulator drum 
and may be used as a fuel gas or may be routed 
to conventional absorption equipment for re- 
covery of valuable components therein or op- 
tionally may be charged to a conversion op- 
eration. The liquid stream in drum 3 is with- 
drawn by line |5 and is charged by pump 
into a distillation zone illust'ated by ïractiona- 
tion tower 6 which is equipped with a heat- 
ing means illustrated by coil 17. Fractionator 
 is provided with interna1 contacting equip- 
ment such as bell cap trays or other contact- 
ing means well known to the art wherewith 
intimate contact between liquid and vapors is 
obtained. Fractionator tower  is also of suf- 
ficient size to allow separation by adjust- 
ment of conditions of temperature and pres- 
sure therein of an overhead fraction by way 
of line |8, a side stream by way of line |9 and 
a bottoms fraction by way of line 28. The side 
stream withdrawn by line I will consist es- 
sentially of propane and propylene, while the 
bottoms fraction will comprise essentially C 
and heavier hydrocaçbons. The overhead ïrac- 
tion withdrawn by line 8 contains some propane 
and propylene, but also contains lighter hy- 
drocarbons. This fraction is discharged by line 
 into a condenser 2! through which a cool- 
ing medium flows by line 
the temperature of stream 8 is reduced to cause 
 substantial liquefaction of the overhead stream 
I on discharge of it from condenser 2! by line 
23 into reflux or product accumulator 24. From 
reflux or product accumulator 24 a gaseous 
stream is withdrawn by line 2 controlled by 
valve 2a for admixture with the feed mixture 
in line ! ! while the liquefled condensate is with- 
dravn therefrom by line 2 and returned in 
large part by branch line 2 to tower I to pro- 
vide reflux therein. If desired, a portion of the 
condensate may be withdrawn from the sys- 
rem by manipulation of-valve 27 for other uses 
-as may be desired. It is preferred, however, 
o return a greater portion of the condensate 
to tower 6 for employment as reflux therein. 
By the simple expedient of admixing the feed 
mixture in line ! with the gaseous stream, 
is possible to increase substantially the amount 
of propane recovered by line |9. The amount 
of the gaseous stream admixed from line 2 with 
the feed mixture in line I! wi!l usually be in 
the ratio of one volume of gaseous stream to 
about 4 volumes of the feed mixture. However, 
this may vary from about 1 volume of the gase- 
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pus mixture to about 2 fo 8 volumes of feed 
mixture, depending on the composition of both 
the gaseous stream and the feed mixture and 
on the distillation tower operating conditions. 
5 leferring now to Fg. 2, a feed mixture sim- 
ilar to that charged in the description taken 
in connection with Fig. 1 is introduced into the 
system by line ! from a source not shown and 
is divided into two streams, part of which flows 
10 by line ! controlled by valve 38 into the feed 
accumulator drum 13, while another portion 
flows by way of line 3| controlled by valve 32 
to be admixed with a gaseous stream flowing 
through line 33 from a source which will be de- 
15 scribed later. The mixture of the gaseous 
stream in line 33 from drum 2 flows into a 
condenser 34 provided with a line 35 through 
which a cooling fluid flows whereby the mix- 
ture of gas and feed is cooled and condensed. 
20 The cooled and condensed mixture is discharged 
from condenser 34 by line 3 into an accumu- 
lator drum 37 from whence there is discharged 
by line 38 an exit gas which may be employed 
in a manner similar to that described with re- 
25 spect to the gas withdrawn by line 4 in Fig. 
1. The liquid in accumulator drum 37 dis- 
charges therefrom by line 39 into accumulator 
drum 3 from whence it is pumped in admix- 
ture with the feed from line ! into fractiona- 
30 tor tower 6 by way of line 5 containing pump 
Sa. In fractionator tower  conditions are 
adjusted as described with respect to Fig. 1 to 
obtain an overhead fraction by line 18, an in- 
termediate fraction by line 9, and a bottom 
35 fraction by line 28. The overhead fraction is 
cooled and condensed in condenser 2 through 
which a cooling medium fiows by line 22, and 
the condensed liquid discharged into reflux or 
pro.duct accumulator 24 by line 23. A gaseous 
40 stream is withdraw from product accumulator 
24 bY line 3 controlled by valve 33a and is 
mixed with a portion of the feed from line 3! 
before it discharges into condenser 34 as here- 
tofore described. 
45 From the description of Fig. 2 it will be seen 
that this mode of operation is a modification of 
that of Fig. 1 where the gaseous stream obtained 
from the product accumulator is admixed with a 
portion of the feed and the resulting admixture 
50 cooled and condensed prior to separation there- 
from of a gaseous stream and the discharge of 
the resulting condensate into the feed accumu- 
lator. 
As an alternative to the mode of operation de- 
55 scribed with respect to Fig. 2, condenser 34 may 
be located in line 3! to cool that portion of the 
feed stream prior fo admixture with the gas 
stream from line 33 or the condenser 34 may be 
located in line ! and the feed mixture cooled 
60 instead of only a portion thereof. 
In a typical operation in accordance with Fig. 
1 in which a propane stream was recovered by line 
9 from tower 6, this tower was operated under 
conditions to provide a vapor temperature of 
65 126 ° F., a bottoms temperature of 272 ° F. and a 
pressure of approximately 342 p. s. i.g. The feed 
mixture containing propane, propylene, as well as 
butanes and heavier, and ethane and lighter, was 
withdrawn from feed accumulator 3 which was 
70 operated at a pressure of 156 p. s. i. g. and was 
charged to tower  at the rate of 14,625 barrels 
per day. A side stream of propane and propylene 
amounting to 2,160 barrels per day was with- 
drawn. The bottoms fraction withdrawn con- 
75 sisted of 10,045 barre]s per day. The amount of 
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reflux pumped back fo the tower was 18,500 bar- 
tels. per dRy, whfle the gaseous, sream admixed 
wlth the. feed mixture amounted to 3,90,000 
cu ft. per day, The gaseous stream withdrawn 
throUgh line ! 4 amounted to 3}940»000 eu, ff. per 5 
day. 
The charge fo tower | and the various product 
streams were analyzed and fotmd fo bave the 
vompesitïon given In the following table: 
IO 

LiquioE ol. Percent 

Charge 

Oas Vol. 
Percent 

Gas 
Trom ïre 
lime t 
2.1 
23. I 24. 
....... 21. 
3. 
100.0 100.f 

If is seen from these operating-data that there 
is an interchange of butane and pentane for 
propane in the ga-stream which is brought about 
by contRcting the butane ree gas with the eed 
trëam hich contains .laxge -nounts OE te 
heavr -'hyrocarbons. 
To illustrate ïuther the lvantages ,o1 nsing 
the me£hod of the present.inenï)ion over he oen- 
ventinal method f distïlling h]arocar,mn 
tures, the following comparison of stream rates 
is given. In the conventional operation, product 
gas is discharged from aceulnulators [$ and 24, 
while in the method in accordance with the pres- 
ent invention, the gas from accun2ulator  con= 
tacts the feed in accumulator !  and the gas from 
this aceumulator is the only gaseous product. In 
both operations the feed composition is similar 
to that given in the above table. 

Feed to tower 16, bbls./day ................ 
Sidestream 19, eu. ft./day: 
Total .................................. 
C,+C-. .............................. 
Gas from accumulator 24, cu. ft./day: 
Total .................................. 
C+C- ............................... 
Gas from aeeumulator 13, eu. ft./day: 
Total .................................. 
C+C- ............................... 
Product Oas, eu. ft./day: 
Total .................................. 
C+C-_ .............................. 

Conven- Presënt 
tional Invention 
)peration Fig, 1 
20, (0 20, 000 
3, 700, (0 4, 00, 000 
3, 600, 00 4, 400, 000 
3,200,000 ............ 
1, 800, 0 ............ 
300, 000 3, 300, 000 
100, 000 1,100, 000 
3,500, (D0 I 3, 300,(D0 
1, 900, 000 I 1, 100, 000 

From the foregoing comparison, if will be ap- 
parent that an additional 800,000 cu. ft. per day 
of propane-propylene mixture may be obtained 
when pracicing my invention over that obtain- 
able in the conventional operation. 
The invention is preferably applicable to the 
recovery of propane and propylene from hydro- 
carbon mixtures as described. However, it is also 
applicable to separation of ethane and ethylene 
mixtures, as well as to recovery of butane and 
butylenes from gaseous mixtures containing 
them.. However, the invention bas most appli- 
cation to the distillation of liquefied petroleum 
gas fo obtain propane and propylene containing 
fractions. 
The nature and objects of the present invention 
having been fully described and illustrated, what 
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I. wish fo claire as new and useful and to seeure 
by LettersPatent is: 
1. In the distillation of a normally gaseous feed 
mixture of hydrocarbons irmluding normally 
liquid hydrocarbons comprising af least three 
hydrocarbons in which the feed mixture is intro- 
duced into a distillation zone at a lower point 
therein and an intermediate boiting hydrocarbon 
originally present in the feed mixture is sep- 
arated from tower and higher boiling hydro- 
carbons including said normally tiquid hydro- 
carbons and in which a normat!y gaseous frac- 
tion is distitled overhead thereïrom, the teps 
of withdrawing a side stream of said intermediate 
15 hydrocarbon from saîd distillation zone at a 
point substantiall above he point of introduc- 
tion of said feed mlxture, adm.ixing at least t 
portion of said normall gaseous :traction wtth 
said feed mïxture to forrn a second mixture con- 
20 sisting of said gaseous fraction and sald £eed 
mixture, separatlng said second ralxture int0 a 
gaseous phase and a liquid phase, Wlhdra.wing 
said gaseous phase, and distilling sad 2iquid 
phase fo obtain sid slde steam. 
.25 .2. A method In accordance with claire OE in 
wh'ich he intermedîate boilirkg .hdr.caxbon bas 
two carbon atoms in the .molecRle. 
. A method in accordance with c]ai.m 1 in 
which .the Intermediate boiling :hy.drcarbon :bas 
30 3 cabon a'toms in the moleeule. 
4..A method in accor.dance with claire 1 in 
w]iich the .intermedlate boîling hy.dr0earbon bas 
4 carbon atoms -in £he molecule. 
5. A method for disilling low boing nor.ïnIly 
$5 gaseous "hydrocarbons w'hich comprises forming 
a normally gaseous feed mixture including af 
least 3 hydrocarbons; an intermediate boiling 
hydrocarbon, a lower boiling hydrocarbon, a 
higher boiling hydrocarbon, and normally liquid 
4o hydrocarbons, admixing said feed mixture with 
a gaseous stream obtained in a later stage of the 
process fo form a second mixture consisting of 
said gaseous fraction and said feed mixture, 
separating said second mixture into a gaseous 
45 phase and a first liquid phase, discarding said 
gaseous phase, intxoducing said first liquid phase 
into a distillation zone af a lower point therein, 
distilling said first liquid phase, withdrawing a 
side. stream of said intermediate boiling hydro- 
50 carbon from said distillation zone af a point sub- 
stantially above the point of introduction of 
said lïrst liquid phase, and recovering from said 
disillation zone a bottoms fraction of said higher 
boiling and liquid hydrocarbons, and an overhead 
55 fraction, and cooling said overhead fraction to 
form said gaseous strearn and a second llqùid 
phase, 
6. A method in accordance with claim 5 in 
which the intermediate boiling hydrocarbon has 
6O 2 carbon atoms in the molecule. 
7. A method in accordance with claim 5 in 
which the intermediate boiling hydrocarbon has 
3 carbon atoms in the molecule. 
8. A method in accordance with claire 5 in 
65 which the intermediate boiling hydrocarbon has 
4 carbon atoms in the molecule. 
9. A method in accordance with clahn 5 in 
which the liquid phase is returned as reflux fo 
the distillation zone. 
70 10. A method for distilling low boiling nor- 
mally gaseous hydrocarbons which comprises 
forming a normally gaseous feed mixture in- 
cluding af least 3 hydrocarbons, an intermediate 
boiling hydrocarbon, a lower boiling hydrocarbon, 
75 a higher boiling hydrocarbon, and nermally 
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liquid hydrocarbons, admixing af least a portion 
of said feed mixture with a gaseous stream ob- 
tained in a later stage of the process to ïorm 
a second mixture consisting of said gaseous 
stream and said feed mixture, separating said 
second mixture into a gaseous phase and a flrst 
liquid phase, discarding said gaseous phase, ad- 
mixing said first liquid phase with at least a 
portion of said feed mixture to form a third 
mixture, introducing said third mixture into a 
distillation zone at a lower point therein, dis- 
tilling said third mixture, withdrawing a side 
stream of said intermediate hydrocarbon ïrom 
said distfllation zone af a point substantially 
above the point of introduction of said third 
mixture, and recovering from said distillation 
zone a bottoms ïraction of said higher boiling and 
liquid hydrocarbons and an overhead fraction, 
cooling said overhead fraction to ïorm said 
gaseous stream and a second liquid phase and. 
returning said second liquid phase as reflux to 
said distillation zone. 
.11. 2, method in accordance with claim 10 in 
which the intermediate boiling hydrocarbon bas 
2 carbon atoms in the molecule. 
12. A method in accordance with claim lb in 
which the intermediate bofling hydrocarbon bas 
3 carbon atoms in the molecule. 
13. A method in accordance with claim 10 in 
which the intermediate boiling hydrocarbon bas 
4 carbon atoms in the molecule. 
14. A method for .distilling a normally gaseous 
mixture comprising ethane and lighter hydro- 
carbons, propane and propylene and hydro- 
carbons having 4 and more carbon atoms in the 
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molecule including normally liquid hydrocarbons 
which comprises admixing said mixture with a 
gaseous stream obtained in a later stage of the 
process to form-a second mixture consisting of 
 5 said gaseous stream and said feed mixture, sep- 
arating said second mixture into a gaseous phase 
and a first liquid phase, discarding said gaseous 
phase, introducing said first liquid phase into 
a distillation zone at a lower point therein,, dis- 
lO tilling said flrst liquid phase, withdrawing a side 
stream consisting essentially of propane and pro- 
pylene from said distfllation zone af a point 
substantially above the point of introduction of 
said first liquid phase, and recovering ïrom said 
]5 distillation zone a bottoms fraction .comprising 
C4 and heavier hydrocarbons and an overhead 
fraction comprising propane and lighter hydro- 
carbons, cooling said overhead fraction to form 
said gaseous stream and a second liquid phase 
20 and returning said second liquid phase as reflux 
fo said distillation zone. 
IOGER WY'LIE. 
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